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[57] ABSTRACT

A spark plug for internal combustion engines includes
at least a part of communicating holes each having one
end opened in the vicinity of a packing and the other
end opened to an engine combustion chamber, whereby
the propagation of the flame into the space defined by
the outer surface of an insulator leg, the inner surface of
a metal plug body and the packing is prevented.

3 Claims, 18 Drawing Figures
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1
IGNITION SPARK PLUG

BACKGROUND OF THE INVENTION

The present invention relates to spark plugs for spark-
ignition engines, and more particularly the invention
relates to a spark plug having an improved resistance to
carbon fouling.

It has been the tendency of the spark plugs known in
the art to cause incomplete combustion due to the prop-
agation of flame, thus causing a carbon deposition on
the surface of the leg portion of the plug insulator and
thereby causing insulation failure. This has also been
confirmed by the fact that the degree of carbon fouling
is increased as the ignition timing is advanced even if
the other conditions are kept the same. _

On the other hand, when the burning of the mixture
in the combustion chamber becomes vigorous, the pres-
sure in the combustion chamber is increased and at the
same time the production of carbon within the combus-
tion chamber is increased. This pressure rise in turn
causes the burned gas to flow into the space of the spark
plug and in this case there is the danger of causing the
carbon produced in the combustion chamber to deposit
on the surface of the insulator facing the space.

SUMMARY OF THE INVENTION

It is the object of this invention to provide a spark
plug wherein a plurality of communicating holes are
provided in a plug body or shell, each being open at one
end to a space formed in the plug body and open at the
other end to an engine combustion chamber, whereby
the velocity of a fresh mixture flowing into the space is
decreased by the fresh mixture introduced into the
space through the communicating holes thus preventing
the propagation of the initial flame into the space and
moreover the introduction of the fresh mixture into the
space through the communicating holes has the effect
of decreasing the amount of the burned gas present
within the space and thereby preventing carbon fouling.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1(a) is a sectional view showing the principal
parts of a first embodiment of a spark plug according to
the present invention.

FIG. 1(b) is a bottom view of FIG. 1(a).

FIG. 2(a) is a sectional view showing the principal
parts of a second embodiment of the spark plug accord-
ing to the invention.

FIG. 2(b) is a bottom view of FIG. 2(a).

FIG. 3(a) is a sectional view showing the principal
parts of a third embodiment in which the second em-
bodiment of the invention is incorporated in a multi-gap
spark plug.

FIG. 3(b) is a bottom view of FIG. 3(a).

FIG. 4 is a sectional view showing the principal parts
of a fourth embodiment of the invention.

FIG. § is a sectional view showing the principal parts
of a fifth embodiment of the invention.

FIG. 6 is a sectional view showing the principal parts
of a sixth embodiment of the invention.

FIG. 7(a) is a sectional view showing the principal
parts of a seventh embodiment of the spark plug accord-
ing to the invention.

FIG. 7(b) is a sectional view taken along the line
VII(b)-VII(b) of FIG. T(a).
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FIG. 8(a) is a sectional view showing the principal
parts of an eighth embodiment of the invention.

FIG. 8(b) is a bottom view of FIG. 8(a).

FIG. 8(c) is a sectional view taken along the line
VIII(c)-VIII(c) of FIG. 8(a).

FIG. 9(a) is a sectional view showing the principal
parts of a ninth embodiment in which the eighth em-
bodiment of the invention is incorporated in a conven-
tional multi-gap spark plug.

FIG. 9(b) is a bottom view of FIG. 9(a).

FIG. 10(q) is a sectional view showing the principal
parts of a tenth embodiment of the invention.

FIG. 10(b) is a sectional view taken along the line
X(b)-X(b) of FIG. 10(a).

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIGS. 1(a) and 1(b), a first embodiment
of the invention will now be described. In the Figures,
an insulator 2 is fixedly positioned inside a metal plug
body or shell 1 through the intermediary of a ring-
shaped metal packing 5. A center electrode 3 is
mounted fixedly in a leg portion 2a of the insulator 2
which is exposed to the inside of an engine combustion
chamber (not shown). Disposed opposite to the forward
end of the center electrode 3 is the end side of a ground
electrode 4 fixed to the end of the plug body 1, and a
spark gap 7 is provided bétween the two electrodes. A
space portion 6 is defined by the leg portion 22 of the
insulator 2, the plug body 1 and the packing 5 and it
opens to the combustion chamber in the direction of the
spark gap 7. The plug body 1 is formed with communi-
cating holes 8 each of which opens at one end to the
inner part of the space portion 6 near the packing 5 and
opens at the other end to the inside of the combustion
chamber.

With the construction described above, the operation
of the first embodiment is as follows. There exist the
following two conditions within the space portion 6,
namely, (a) the condition which allows mixing with a
fresh mixture of a comparatively large amount of the
burned gas produced by the previous cycle and (b) the
combustion heat tends to be taken away by the plug

-body enclosing the space portion 6, and consequently

the propagation of a relatively low temperature initial
flame into the space portion 6 under such conditions
will cause incomplete combustion and hence carbon
fouling. If the deposition of carbon on the leg portion 2a
extends to near the packing 5, the current flow from the
center electrode 3 will leak to the plug body 1 through
the carbon deposits and the packing 5 and no spark will
Jjump across the spark gap 7, thus causing misfiring.
With the present embodiment, however, during the
compression stroke of the engine a fresh mixture is -
spouted and introduced through the communicating
holes 8 into the space portion 6 near the packing 5 and
the burned gas exists within the space portion 6, thus
decreasing the velocity of the fresh mixture flowing
into the space portion 6 through its open end 6a. Thus,
during the initial period of the ignition, there is practi-
cally no possibility of the initial flame propagating and
developing in the direction of the space portion 6. Even
if the initial flame propagates into the space portion 6,
by virtue of the fact that the fresh mixture is present in
the space portion 6 near the packing 5, incomplete com-
bustion is difficult to occur in the space portion 6 near
the packing 5 and carbon deposition is difficult to occur



4,267,482

3

on the inner part of the insulator 2 including the packing
S, thus making it difficult for misfiring to occur.

While, in the embodiment described above, it is pref-
erable that the air flow resistance of the communicating
holes 8 is lower than that of the open end 6a of the space
portion 6, this is not a limiting factor to the first embodi-
ment.

Next, a second embodiment of the invention will be
described with reference to FIGS. 2(a) and 2(b). The
second embodiment is identical in basic construction
with the spark plug according to the embodiment of
FIGS. 1(a) and 1(b) except that an annular restrictor
section 9 is formed integral with the end of the plug
body 1 to reduce the opening area of the open end 6a of
the space portion 6. In this embodiment, during the
compression stroke, the provision of the restrictor
member 9 has the effect of making it difficult for a fresh
mixture to flow through a restriction gap 9z (the open
end of the space portion 6) between the leg portion 2a of
the insulator 2 and the restrictor section 9 and the fresh
mixture is spouted and introduced through the commu-
nicating holes 8 of the plug body 1 into the space por-
tion 6 near the packing 5. As a result, the burned gas
remaining within the space portion 6 is forced by the
fresh mixture introduced into the space portion 6 to stay
within the space portion 6 near the restriction gap 94, so
that even if the introduced fresh mixture is mixed with
the burned gas within the space portion 6 thus causing
an incomplete combustion in a portion thereof, the
screening action of the burned gas staying in the space
portion 6 near the restriction gap 9a prevents the propa-
gation of the initial flame by way of the restriction gap
9a or the open end 6a of the space portion 6. On the
other hand, the restrictor section 9 increases the amount
of the fresh mixture introduced into the space portion 6
through the communicating holes 8 thus improving the
‘combustion conditions within the space portion 6. Also
at the restriction gap 9g, the heat is taken away through
the restrictor section 9 with the result that even if the
initial flame propagates to the restriction gap 9, the
initial flame is subjected to extinguishing action thus
making it more difficult for the initial flame to propa-
gate into the space portion 6. Thus, the second embodi-
ment is more effective in preventing the propagation of
initial flame than the first embodiment of the invention.

While, in both of the embodiments, the flame also
propagates into the space portion 6 when the combus-
tion stroke proceeds further from the initial combustion
stage so that the mixture is burned vigorously within the
combustion chamber and the pressure therein is in-
creased, in this case there is no danger of carbon fouling
owing to the high flame temperature.

The multi-gap spark plugs known in the art have been
used in the engines of the type employing lean mixtures,
engines with sub-chambers, rotary piston engines, etc.,
which have poor ignition properties and tendency to
cause carbon fouling, and the present invention may be
very advantageously incorporated in such multi-gap
spark plugs.

FIGS. 3(a) and 3(b) illustrate a third embodiment of
the invention in which the second embodiment of the
invention is incorporated in a multi-gap spark plug. In
the Figure, the same component parts as used in the
second embodiment are designated by the same refer-
ence numerals, and the third embodiment will not be
described in any detail since its functions and effects are
the same with the second embodiment.
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While, in the embodiments described above, the re-
strictor section 9 is formed integral with the inner side
of the end of the plug body 1, its position is not limited
to the plug body end and the restrictor section 9 may be
provided at a position inwardly of the end of the plug
body 1. In this case, the open end 6a of the space portion
6 means the open end portion near the restrictor section
9.

Further, the restrictor section 9 need not be formed
into an annular shape, and therefore the annular restric-
tor section 9 may be formed with a plurality of kerfs.

Referring now to FIG. 4, there is shown a fourth
embodiment of the invention. An insulator 2 is fixedly
positioned inside a metal plug body 1 through the inter-
mediary of a ring-shaped metal packing 5. A center
electrode 3 is fixedly mounted in a leg portion 2z of the
insulator 2 which is exposed to the inside of a combus-
tion chamber 18 of an internal combustion engine. Dis-
posed opposite to the forward end of the center elec-
trode 3 is the end side of a ground electrode 4 fixed to
the end of the plug body 1, and a spark gap 7 is provided
between the electrodes. A space portion 6 is defined by
the leg portion 2z of the insulator 2, the plug body 1 and
the packing 5, and the space portion 6 opens to the
combustion chamber 18 in the direction of the spark gap
7. The plug body 1 is formed with communicating holes
8 each of which opens at one end to the inner part of the
space portion 6 near the packing 5 and open at the other
end to the outside of the plug body 1. Also a ring-
shaped ventilation groove 10a is formed in an engine
cylinder wall 11 in which the spark plug constructed as
mentioned above is fitted through the intermediary of a
packing 13, and a vertical hole 105 is also formed in the
cylinder wall 11 which opens at one end to the combus-
tion chamber 18 and opens at the other end to the venti-
lation groove 10a. One side of the ventilation groove
102 opens to a spark plug mounting portion 11a of the
cylinder wall 11 and communicates with ends of the
communicating holes 8 in the plug body 1. As a result,
the combustion chamber 18 is communicated with the
space portion 6 through the communicating holes 8, the
ventilation 10z and the vertical hole 105.

With the construction described above, the operation
of the fourth embodiment is as follows. There exist the
following two conditions within the space portion 6,
namely, (a) the condition which allows mixing with a
fresh mixture of a comparatively large amount of the
burned gas resulting from the previous cycle and (b) the
combustion heat tends to be taken off by the plug body
enclosing the space portion 6, and consequently the
propagation of a relatively low temperature initial flame
into the space portion 6 under these conditions will
cause incomplete combustion and hence carbon fouling.
If the deposition of carbon on the leg portion 2b extends
to near the packing 5, the current flow from the center
electrode 3 will leak to the plug body 1 through the
carbon deposits and the packing 5 and no spark will
Jjump across the spark gap 7, thus causing misfiring.

With the present embodiment, however, during the
compression stroke a fresh mixture is spoutted and in-
troduced into the space portion 6 near the packing 5
through the vertical hole 105, the ventilation groove
10z and the communicating holes 8 and also the burned
gas is present within the space portion 6, thus decreas-
ing the flow velocity of the fresh mixture flowing into
the space portion 6 through its open end 6a. As a result,
during the initial period of the ignition there is practi-
cally no possibility of the initial flame propagation and
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developing along with the fresh mixture flow in the
_direction of the space portion 6. Thus, even if the initial
flame propagates into the space portion 6, by virtue of
the fresh mixture existing in the space portion 6 near the
packing 5, there is an atmosphere which tends to pre-
vent the occurrence of incomplete combustion in the
vicinity of the packing 5, thus making the production of
carbon difficult at the inner part of the insulator 2 in-
cluding the packing 5 and thereby making the occur-
rence of misfiring difficult.

While, with this embodiment, it is desirable that the
air flow resistance of the communicating holes 8, the
ventilation groove 10a and the vertical hole 105 is lower
than that of the open end 6a of the space portion 6, this
is not a limiting factor to the present embodiment.

FIG. 5 shows still another embodiment of the inven-
tion in which the ring-shaped ventilation groove 10a is
provided inside the cylinder wall 11, and this embodi-
ment is advantageous over the previously mentioned
embodiments in that there is no need to seal the combus-
tion gas by means of the packing 13.

With the embodiment shown in FIG. 6, the basic
construction is identical with the construction of the
spark plug and the cylinder wall 11 shown in FIG. 4
except that the end of the vertical hole 105 formed in

the cylinder wall 11 is directed toward an intake valve:

port 21 which is provided when an intake valve 19 is
opened (i.e., the gap between the intake valve 19 and a
valve seat 20). In the Figure, numeral 14 designates a
spark plug, 15 a cylinder head, 16 a piston, 17 a cylinder
head, and 22 an intake port provided in the cylinder
head 15.

With the construction described above, during the
intake stroke the piston 16 moves downward and a fresh
mixture is drawn into the combustion chamber 18
through the intake port 22 and through the intake valve
port between the intake valve 19 and the valve seat 20.
In this case, the fresh mixture flows in the direction of
the arrows in FIG. 6, and particularly in the vicinity of
the intake valve 19 the fresh mixture flows through the
intake valve port 21 along the intake valve 19 in the
direction perpendicular to the circumference of the
intake valve 19. As a result, the fresh mixture flows
efficiently into the vertical hole 105 of the cylinder wall
11 so that the burned gas remaining in the space portion
6 of the spark plug 14 is discharged with the resulting
improvement in ventilation and the space portion 6 is
filled with the fresh mixture, thus improving the com-
bustion atmosphere within the space portion 6 and
thereby ensuring considerably improved carbon fouling
preventing effect.

With the embodiments described above, an annular
restrictor may be provided on the inner side of the plug
body 1 so as to reduce the opening area of the open end
6a of the space portion 6. With this construction, during
the compression stroke the amount of fresh mixture
introduced into the space portion 6 of the spark plug
through the vertical hole 105, the ventilation groove
10a and the communicating hole 8 is increased and at
the same time the flow velocity of the fresh mixture
through the open.end 6a of the space portion 6 is de-
creased considerably, thus positively preventing the
propagation of the initial flame.

The multi-gap spark plugs have been used in the
engines of the type employing lean mixtures, engines
with sub-chambers, rotary piston engines, etc., which
have poor ignition properties and tendency to cause
carbon fouling in preference to the ordinary spark
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plugs, and the present invention may be very advanta-
geously incorporated in such multi-gap spark plugs.

Further, while in the embodiments described above,
the number of the vertical hole 106 provided in the
cylinder wall 11 is one, a plurality of such vertical holes
may be provided. In this case, it is of course necessary
that the number of ventilation groove 10a as well as the
number of communicating hole 8 is determined corre-
spondingly. Of course, the vertical hole 106 may be
formed into a ring-shape as the ventilation groove 10a.

In the seventh embodiment shown in FIGS. 7(a) and
7(b), an insulator 2 is fixedly positioned inside a metal
plug body 1 through the intermediary of a ring-shaped
metal packing 5. A center electrode 3 is fixedly
mounted in a leg portion 2a of the insulator 2 which is
exposed to the inside of the engine combustion chamber
(not shown). Disposed opposite to the forward end of
the center electrode 3 is the end side of a ground elec-
trode 4 fixed to the end of the plug body 1, and a spark
gap 7 is provided between the electrodes. A space por-
tion 6 is defined by the leg portion 2a of the insulator 2,
the plug body 1 and the packing 5 and it opens to the
inside of the combustion chamber in the direction of the
spark gap 7. The plug body 1 is formed with a plurality
of communicating holes 8 each of which opens at one
end to the inner part of the space portion 6 near the
packing 5 and opens at the other end to the combustion
chamber. A transverse hole portion 8a is provided at
one end of each communicating hole 8 which opens to
the space portion 6 and these transverse hole portions
8a are directed tangential to the space portion 6 as
shown in FIG. 7(b).

With the construction described above, the operation
of this embodiment is as follows. There exist the follow-
ing two conditions within the space portion 6, namely,
(a) a condition which allows mixing of a fresh mixture,
with a relatively large amount of the burned gas result-
ing from the previous cycle and (b) a condition in which
combustion heat tends to be taken away by the plug
body 1 enclosing the space portion 6, and the propaga-
tion of a relatively low temperature initial flame into the
space portion 6 under these conditions will cause in-
complete combustion and hence carbon fouling. If the
deposition of carbon on the leg portion 22 extends too

‘near the packing 5, the current flow from the center

electrode 3 will leak to the plug body 1 through the
carbon deposits and the packing 5 and no spark will
jump across the spark gap 7, thus causing misfiring.

In the case of the present embodiment, however,
during the compression stroke of the engine a fresh
mixture is spouted and introduced by way of the com-
municating holes 8 into the space portion 6 near the
packing 5 and also the burned gas is present within the
space portion 6, thus decreasing the flow velocity of the
fresh mixture flowing into the space portion 6 through
its open end. As a result, during the initial period of the
ignition there is practically no danger of the initial flame
propagating and developing in the direction of the
space portion 6. Even if the initial flame propagates into
the space portion 6, by virtue of the fresh mixture pres-
ent in the space portion 6 near the packing 5, there is
less possibility of incomplete combustion occurring in
the vicinity of the packing §, thus lessening the danger
of carbon depositing on the inner part of the insulator 2
and thereby lessening the danger of misfiring.

On the other hand, the transverse hole portions 8z of
the communicating holes 8 are tangentially opened to
the space portion 6 with the result that the fresh mixture
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spouted into the space portion 6 through the communi-
cating holes 8 whirls in a spiral form within the space
portion 6 and thus mixing of the fresh mixture with the
burned gas of the previous cycle is facilitated, thus
improving the combustion conditions within the space
portion 6. This also has the effect of preventing the
production of carbon. Moreover, when the burning of
the mixture within the combustion chamber becomes
vigorous and the pressure therein increases thus causing
the carbon produced within the combustion chamber to
be entrained on the burned gas flowing into the space
portion 6, the tangential flow of the mixture through the
transverse hole portions 8a causes a whirling stream
around the leg portion 2a of the insulator 2 within the
space portion 6 with the result that the carbon particles
of greater specific gravity are gathered on the outer side
in the burned gas and are thus deposited on the plug
body 1, thus preventing carbon fouling of the leg por-
tion 2a of the insulator 2 and thereby preventing misfir-
ing and improving the ignition properties.

FIGS. 8(a), 8(b) and 8(c) show an eighth embodiment
of the invention in which partially grooved communi-
cating holes 8 are formed in a threaded section 1a of a
plug body 1, and this embodiment is advantageous over
the seventh embodiment in that the processing of the
communicating holes 8 is easier and the passage cross-
sectional area of the communicating holes can be made
greater.

FIGS. 9(a) and 9(b) show ninth embodiment of the
invention in which the eighth embodiment of the inven-
tion is incorporated in a known type of multi-gap spark
plug. This embodiment will not be described in any
detail, since the same component parts are designated
by the same reference numerals and the functions and
effects are the same with the eighth embodiment.

FIGS. 10(z) and 10(b) show a tenth embodiment of
the invention which differs from the previously men-
tioned embodiments in that communicating holes 8
corresponding to the transverse hole portions 8a are
provided in the plug body 1, that a connecting hole 10
including a transverse hole 10z and vertical holes 104 is
provided in the cylinder wall 11 in which the plug body
1is fitted and that the space portion 6 is communicated
with the combustion chamber through this connecting
hole 10 and the communicating holes 8 in the plug body
1.

The present invention is not intended to be limited to
the embodiments described hereinabove, for example,
inwardly projecting restriction projections may be pro-
vided on the side of the plug body 1 which faces the
open end 6a of the space portion 6. In this case, the
opening area of the open end 62 of the space portion 6
is reduced by the restriction projections, thus making
difficult the passage of fresh mixture into the space
portion 6 through the open end and thereby ensuring
prevention of the propagation of initial flame into the
space portion.

We claim:

1. A spark plug for use with a spark ignition-type
internal combustion engine which has a combustion
chamber,

said spark plug comprising:

a tubular metal plug body having a longitudinal bore

with an open end;
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an insulator having a leg portion extending centrally
within said plug body and out through said open
end;

a ring of packing mounted in said plug body distally
of said open end, said insulator leg portion extend-
ing through said ring of packing and being sup-

- ported upon said plug body via said ring of packing
material;

said plug body bore, axially outwardly of said ring of
packing to said open end being radially oversize
relative to said insulator leg portion axially out-
wardly of said ring of packing to said open end,
thereby defining an annular space within said plug
body bore, extending from said ring of packing to
said open end;

a center electrode extending from within said insula-
tor leg portion to axially outwardly of said open
end so as to be directly exposed, in use, to said
combustion chamber;

a ground electrode mounted on said plug body and
extending therefrom axially outwardly of said open
end and laterally into gapped adjacency with said
center electrode; and :

means defining at least one passageway formed in
said plug body, said at least one passageway having
one end thereof positioned for open communica-
tion, in use, with said engine combustion chamber
and having another end thereof in open communi-
cation with said annular space adjacent said ring of
packing, so that during the running of the engine,
the velocity of fresh combustible gas mixture flow-
ing into said annular space through said open end is
decreased due to the opposing introduction of fresh
combustible gas mixture into said annular space
through said passageway, thus decreasing the
propagation of flame and the production of incom-
‘pletely burned gas within said space and thereby
decreasing carbon fouling of said spark plug;

said at least one passageway including a first axially
extending portion that is eccentrically located rela-
tive to the longitudinal axis of said plug body and a
second portion that extends substantially transver-
sally relative to said longitudinal axis;

said first portion having said passageway one end;

said second portion having said passageway other
end and intersecting said annular space substan-
tially tangentially of a circumference of said annu-
lar space; and

said first portion intersecting said second portion
intermediate said one ‘end and said other end of said
passageway, so that the burned gas including carbon
particles entering said annular space via said passage-
way vortically whorls within said annular space and
such of these carbon particles as become deposited on
said spark plug within said annular space are caused by
centrifugal force to non-foulingly deposit on the plug
body, away from said leg portion of said insulator.

2. The spark plug of claim 1 wherein said at least one
passageway is constituted by a plurality of replicated
ones thereof, angularly spaced from one another about
said plug body.

3. The spark plug of claim 1 wherein said at least one
passageway is enclosed, in use, by said plug body and
said internal combustion engine except at said one end

and at said other end of said at least one passageway.
* * * * *



